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Copolymers as dewaxing additives 

10/505370 

Field of the invention; 

The invention relates to copolymers or polymer mixtures 
which are suitable for preparing additives for solvent 
deparaf f inization of paraffinic mineral oil 
distillates, to dewaxing additives prepared therefrom 
and also to their use in the solvent deparaf f inization 
of paraffinic mineral oil distillates. 

Prior art; ^ 

US Patent 4,451,353 describes mixtures of a poly- 
Cio-C28-alkyl acrylate and a poly-n-alkyl methacrylate 
(^^Q-.C2o) as dewaxing additives. However, reference is 
made to the exclusive use of linear polyalkyl meth- 
acrylates as mixing components . 

DE-A~3933376 demonstrated that when polyalkyl meth- 
acrylate mixing components having high degrees -of 
branching of the alkyl radicals are used, improv-ed 
effectiveness and more marked synergistic .effects occur 
than in linear systems. 

Tanasescu et al . (Rev. Chim. (Bucharest) 1998, 49f9), 
593 -.597) mentioned the evaluation of copolymers of ■Cio-is 
methacrylates and styrene as dewaxing aids in methyl 
ethyl ketone/ toluene mixtures. However, reference is 
made to the worsened effectiveness of the styrenic 
polymers in comparison to the purely methacrylate-based 
additives and this is explained by a "dilution effect" 
with regard to the effective alkyl side groups. 
Polymers having side chains >Ci8, i.e. behenyl (meth) - 
acrylates among others, are not mentioned. 
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Object and solution: 

It is an object of the present invention to provide 
copolymers or polymers having improved effectiveness in 
5 the solvent deparaf f inization of paraffinic mineral oil 
distillates, in particular when used in different 
feedstocks and using different solvent systems. In 
particular, the more effective dewaxing aids should -be 
provided very substantially on the basis of existing 
10 starting materials which should cause no substantial 
changes in the performance of the deparaf f inization 
technology of crude oils or crude oil products. 

This object and further objects that are not specified 
15 explicitly are achieved by copolymers which consist of 
free-radically polymerized monomers of the following' 
formulae A and B: 



20 



Formula A: 



H R 



where 

r1 = H or CH3, 

25 = phenyl, benzyl, naphthyl, anthranyl, phenanthryl, 

N-pyrrolidonyl, N-imidazolyl , 2-pyridyl, 4-pyridyl or 
an alkyl-substituted aromatic substituent or 

= COOR' where R^ = H or r' is a linear or branched 



R 



2 _ 



alkyl radical of Ci-Cio 

3 0 or R^ is a heteroatom-substituted radical -(CH2)nX where 
X = OH or X = N(R^)2 where n = 1-10 and R^ is in each 
case independently H or r' = Ci-C4-alkyl ^ 
or R^ is - (CHsCHsOmR^ where m = 1-90 and = H or R = 
Ca-Ci8 or r' is a benzyl, phenyl or cyclohexyl radical 

3 5 or r' = CONHR' where R^ = H or R^ is .a linear o.r 
branched alkyl radical of C,-C,o or R^ is a het-eroatom- 
substituted radical -(CH2)nX where X = OH or X = N(R')2 
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n = 1-10 .nd r' is in «ch case independ«.«y H 

or = Ci-C4-alkyl; 



Formula B: 

H / 

c=c 

where r'' = H or CH3 



T:\L V ::di=al = . or Uneax or .ranCea al,.l 

10 radicals of C12-C40. 

•u^^v. likewise suitable and also 

P'nr-tlier solutions which are iiKewj-b^ 

sritable uses of .he copolymers or polv^ers accordrn. 
to the invention are described in the subclarms. 

15 

liKDlementation: 

The monomers of the formula A: 

H R 
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where 

r3 - H or CH3/ 

d2 ^ 



-"phlyir^-vl. naphthyl, anthranyl, phenanthryl 
IpyrrouLyl, »-i.idazolyl, 2-pyridyl, 4-pyr.dya or 
- alKyl-s.bstit.ted "o.a- s^bstitue^^^^^^^^ 

r2 = COOR where R - H or n 

alkyl radical of '^^-^^ ^.^i^i .,CH.)„X where 

3. 7for: rr™rrr := 1-10 and is m each 

"-cl-alKyl or H= is a benzyl, phenyl or cyclchexyl 

radical 
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>6 is a linaar or 

or R' 



=2 = CONHR^ where = H or R 
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branched allcyl radical °« .,ch,,„x where ' 

or is a ---"-=*r\":;\nd h' is in each case 
, . OH or X - «(H .3^^ n ^^^^ ,,^1., 

independently H or R > 

s.yrene, "-^^^^^^ ' .eta-vinylphenanthrene , 

vinylnaphthalene, alpto- their, for 

N-vinylpyrrolldone, 2- or vi y 
example alKyl-substituted, derivatives. 

v,-^-h 1-he (CO) polymers according 
..e compositions ^ro. ^^l^^^^,, .articular 

to the invention are o which have 

,.eth)a=rylates, maleates and/o ,^th) acryl.tes 

cLifferent -l"''"^^ -f.f^'; ' .^^^^ .^rylates and also 

The 



15 enco:.passes .ethacrylates ax^ ac y 
fixtures o£ both. These 
alkyl radical may be linear, cyclic 

.apples incl.de -f-rrsat JaCd^^ 
20 maleates which are o (meth) aery late, 

.uch as methyl ,„eth, acryl.te . 

"-P-V1 <--'-^r:";,,:r:yT<meth,acrylate and 
n-butyl (nieth)acrylate, tert 

pentyl such as cyclopentyl (meth) - 

25 cycloalkyl (meth) acrylates , such 

acrylate; derived fr-om unsaturated 

'■"^'rtr'^su:; t":..r.y. .meth,acrylate, allyl 
rthra:;yi::: and Vinyl .methUcrylate. 



- .rther constituents which m.. ^.e^^ 

compositions to P ^^^^^^ ^^.^^ ^,„„,a 

acrylates, fumarates a <meth) acrylate , 

trom saturated alcohols, such as hexy 

3S 2-ethylhe.yl -'^^fj:;^,*;^ , octyl <meth, - 

2.tert-butylheptyl ^J^";;^;r tme;h> acrylate, nonyl 

.-^r^Iecyf "rtLacrylate, undecyl .meth, - 

stmettyLdecyl .meth.acrylate, dodecyl 
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Tcyl ,Jth,acrylate, S-^thyltrWecyl (rneeh, acryla.e, 

«trade<=yl .n.eth)ac.ylaee. pentadecyl ,„eth) acrylat.; 

'l.h,acrylates which ar. derived fro. unsaturated 
5 alcohols, e.g. oleyl (meth) acrylate; 

cycloalXyl ,neth, acrylates such as ^^-^^^^^^^^^^'^ 
,Lth)acrylate, cyclohexyl (,«eth)acrylate bcrnyl 
..eth.acrylate; and also the corresponding fu^arates 
and maleates. 

" Exar.ples of further components include (meth) acrylates 
r^^h are derived fro. saturated alcohols such as 
- hexadecyl (.eth) aery late, 2-,,«thylhexadecyl <meth- 
acrytate, heptadecyl ,.eth, acrylate, 5-isopropyl- 
15 Teptadecyl (meth, acrylate, 4-tert-hutyloctadecyl 

. ..eth.acrylate, S-ethyloctadecyl ,.eth,acrylate, 3- so- 

propyloctadecyl <„eth, acrylate , octadecyl meth 
tcrylate, nonadecyl (.eth) acrylate, e.cosyl <math,- 
tcrylate. cetyleicosyl ,.eth,acrylate, -^"^^---^ 
20 (Jhlacrylate, docosyl C.eth.acrylate and/or excosyl 
tetratriacontyl (meth) acrylate; , , . . , v„„„i- 

cycloalkyl ,.eth) acrylates such as 2 ,4, 5-tr.-t-butyl 
;!vinylcyclohexyl ..eth, acrylate. ^ ' ^ ■ = 
Ltylcyclchexyl <„>eth, acrylate, oxiranyl 
25 suci as 10,11-epoxyhexadecyl .ethacrylate,- and also the 
corresponding fumarates and maleates . 

^nger-chain ,.eth, acrylates are forced, ^^'^ 
frl acrylic esters of clO-C.O-alKanols or of ac^l.c 
30 esters of cl8-C24-alkanols, for example of the beheny 
alcohol type. 

r.v...is is qiven to esters of (meth) acrylic 
particular emphasxs xs gxve ^ ^^^^^^^^^ radicals, 

acid with alkanols havxng Ci,-Cx8 hydrocar 
,or exaxnple having an average carbon n-^- ;; 
example fixtures of DOBANOL® 25L (product of ^^^^^J^J 
and tallow fatty alcohol, and also mxxtur^s of t.llow 
Ttty alcohol and other alcohols, for example x-decyl 
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a 



Icohol 
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... .... c^cuna. r^t::- . 

l>a Obtained '°^J^^^'^J^ .orrespondin. 

T"l"in fatty alcohols, whi.h generally 
,cids with long-Cham fatty ^^^^^ ^^^^^^ 

5 results In a mixture ^^.^^is of different 

..eth.acrylates having a coh 1 '^^^^^^^ 

^'^".^e'or Mcohtr^m and Co .Icohol* ,,00, Co 
'rohoirriOC from Monsanto, Alphanol® 79 from XCI, 
,1* 162^ Alfol* 610 and Alfol* 810 from Condea, 
10 Nafol« 1620, Alto corporation,- 

L^nevol^ '5 from Augusta® Milan; Dehy^ad® and Lorol^ 
AG; Lxal 125 from Aug . .„_^i<g, 7.11 and AcropoK© 

from Henk^l KGaA and also Linopol<8^ 

15 91 Ugine Kuhlmann. 

V, .tl^vlenically unsaturated ester compounds 
Axnong the ethylenxcally („«th) acrylates 

particular preference is given to tn 
over the maleates and f umarates . 

2« ^. , -re likewise suitable include 

components which are 
hydroxyalkyl (meth) acrylates such as 
3-hydroxypropyl methacrylate, 
3 , 4 -dihydroxybutyl methacrylate , 
25 2-hydroxyethyl methacrylate, 
2-hydroxypropyl methacrylate, 
2 5-dimethyl-l,6-hexanediol (meth) acrylate, 

1,10-decanediol ^. p-dimethylamino- 

aminoalkyl (meth) acrylates such as N 
3 0 propyl ) methacrylamide , 

3-diethylaminopentyl methacrylate, 

3 -dibutylaminohexadecyl (meth) aery late ; 

...riles of (.eth)acrylic acid and other nitrogen- 

^c: containing methacrylates such as 

:-tethacryloyloxyethyl)diisobutylketimi^^^^ 

(methacry loyloxye thy 1 ) dihexadecylket imine , 
methacryloylamidoacetoni tr lie , 
2-methacryloyloxyethylmethylcyanamide, 
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cyanomethyl metlia<:rylat« ; 

as benzyl methacrylate or 
..^1 (-th)acrylates sucl. as be y ^^^^ 

phenyl methaorylate where the aryi 
"unsuLtituted or up to tetrasubstxtuted; 

carbonyl-containing methacrylates such as 
2-carboxyethyl methacrylate, 
carboxymethyl methacrylate, 
oxazolidinylethyl methacrylate, 
N- (methacryloyloxy) formamide, 
aoetonyl methacrylate, 
N-methacryloylmorpholine , 

«-.etha=ryloyl-2-pyrroliainone ^ 

N-(2-methacryloyloxyethyl) 2 Pyrr 
«.,3-™e..ac.yloylc^.opyX^2-Py.r^^^^^ 

,o m^fhacrvloyloxypentadecyl) ^ py*-^ 
N- (2-methacryj.oy jr ^^^^i ^ _2-Dyrrolidinone,• 

N- ( 3-methacryloyloxyheptadecyl) 2 pyr 

_v, a<= 1, 4-butanediol 

3 glycol . l,,^ac;ylate, 2-ethoxy- 

n^ethacrylate, 2-butoxyethyl metha 

ethoxymethyl methacrylate, 
2-ethoxyethyl methacrylate; 

-, of ether alcohols, such as 

i5 methacrylates of etner 

tetrahydrofurfuryl methacrylate, 
vinyloxyethoxyethyl methacrylate, 
K^ethoxyethoxyethyl methacrylate, 
1-butoxypropyl methacrylate, 
30 i-methyl-(2-vinyloxy)ethyl methacrylate, 
cyclohexyloxymethyl methacrylate, 
n^ethoxymethoxyethyl methacrylate, 
benzyloxymethyl methacrylate, 
furfuryl methacrylate, 
3 5 2-butoxyethyl methacrylate, 

2-ethoxyethoxymethyl methacrylate, 
2-ethoxyethyl methacrylate, 
allyloxymethyl methacrylate, 
1-ethoxybutyl methacrylate. 
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metiioxymethyl methacrylate . 
1-ethoxyethyl methacrylate , 
ethoxymethyl methacirylate , 

:«h^ylat« of h.Xoge„a«d alcohols such as 

5 2,3-dibromopropyl methacrylate, 

4-broinophenyl methacrylate. 

1 , 3 -dichloro-2 -propyl methacrylate . 

2-bromoethyl methacrylate, 

2-iodoethyl methacrylate, 
10 chloromethyl methacrylate; 

oxiranyl methacrylates ^uch as 
2 , 3 -epoxybutyl methacrylate , 
3 , 4 -epoxybutyl methacrylate, 
15 10,11-epoxyundecyl methacrylate, 

2 , 3 -epoxycyclohexyl methacrylate ; 

glyci-dyl methacrylate; 

v^o-ron- and/or silicon-containing meth- 
phosphorus-, boron- ana/oi. 

20 acrylates such as 

2- (dimethylphosphato) propyl methacrylate, 
2- (.ethylenephosphito) propyl methacrylate, 
dimethylphosphinomethyl methacrylate, 
dimethy iphosphonoethy 1 methacrylate , 
25 diethylmethacryloyl phosphonate, 

dipropylmethacryloyl phosphate, 

2- (dibutylphosphono) ethyl methacrylate, 

2 3-butylenemethacryloylethyl borate, 

n^ethyldiethoxymethacryloylethoxysilane, 

30 diethylphosphatoethyl methacrylate; 



su 
e 
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iphur-containing methacrylates such as 
thylsulphinylethyl methacrylate, 
4-thiocyanatobutyl methacrylate, 
ethylsulphonylethyl methacrylate , 
thiocyanatomethyl methacrylate, 
methyl sulphinylmethyl methacrylat-e, 
bis (methacryloyloxyethyl ) sulphide ; 
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15 



trimethacrylates such as 
tr imethyloylpropane tr imethacrylate ; 

for example vinyl chloride, vinyl 

vinyl esters such as vinyl acetate; 

. substituted styrenes having an alkyl 
styrene, ^^^^ example a-methyl- 

substituent m the substituted styrenes having 

=r,/=i rt-ethvlstyrene, suDsticut-^u j 
styrene and a ethyl y vinyl toluene 

"'^\:rs:;:rnr lal gL-I'styrenes, .or example 

and tetrabromostyrenes! 

^° vinvl compounds =uch as 2-vinylpyridin« , 

heterocyclic v.nyl = J .^^^ip^^iaine, 3-ethyl- 

3- vinylpyr.d.ne /^^^^^^^^^....^.^^i^yridino, vinyl- 

4- vinylpy"d.ne. ^■^^ d.m ^ ^ 3.„i„yl- 

^ 4-vinylcarbazoie, 
25 carbazole, . ^ ^ N-vinylpyrrolidone. 2-vinyl- 

2-methyl-l-vinylxmxdazole. ^' ^"j'''^ 3 pyrrolidine , 

pyrrolidone, ^--^^'^^^^"'f X^^^^ 
^-vinylcaprolactam. --™^-:™,j:e' vinyl- 

^-"rs^^nd'C— vr...iazoles. vinyl- 
rrs^ndC^oLated vinyloxazol^ 

vinyl and isoprenyl ethers; 

^ ,leic acid derivatives, £or example 
,S maleic ^t^J^^tm:,. acid, maleic anhydride, 

rerhiiriei::::-.-. — 
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.u.a.ic acia ana fu.a.i. acia ae.iva.iv.s, ..r .xa^Ie 
r^no- and di^sters of fumaric acxd; 

di^nes, for example divinylbenzene . 

^ • 1 ^iv or«f erred mixtur-es coinprise methyl 

V^ry particularly pr^ferre ^^thaorylat^ . 

methacrylate, butyl methacrylate , lauryl 
stearyl methacrylate and/or styrene. 

be used individually or as 
10 These components may be 

mixtures . 

The components of the formula B: 

H 

C=C 

15 

::r.r;ax'^":aa.cax. o. ana .n 

. T;,^ alkvl radicals Of Cham length Cxe x:24. 
:rria:L:i7lon.-c.ain ...t.,ac.vla«s Kno«n pe. se, 

T-hev are composed, tor ex^f j- ^ .-c-.o- 

Tney ^ /TT^ot-Vi^acrvlic asters of -Cie ^32 

alkanols or or "-le >-24 
behenyl alcohol type. 

^ «-F asters of (meth) acrylic acid 
«.„tion is :^:XLcarbon radicals, for 

rair.ar:.c:::ra:rr.ev:.c.o., — 

35 i-decyl alcohol. 
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The polymerization of the monomers w likewise be 
carried out in a manner known per se. 

Advantageously, the free-radical polymerization is 
carried out in a solvent con^atible with the substrate 
.o be deparaffinized, for example in mineral c.l^ 
customary polymerization initiators are used, for 
example peroxy compounds, in particular peresters , e^g . 
tert-butyl perpivalate, tert-butyl perootanoate, tert- 
butyl perbenzoate, among others, in the customary 
.mount., for example 0.1 to 5% by weight, P-^^""^ 

•^v,*- Kacsod on the monomers (cr. in- 
0 3 to 1% by weight, basea on mic 

^ v> D„r,»--!rtam Acrvl- und Methacryl- 
Volker, H. Rauch-Puntxgam, Acryj- 

verbindungen, Springer -Verlag 1967). 

' .iXewise in a manner )a.own per se, -^^^^ J^^^^^^^ 
regulators may be added to the mixtures, xn P-^^^^^ 
.ercaptans, e.g. dodecylmercaptan , in the customary 
amounts, for example 0.01 to 2% by weight, based on the 

0 monomers. ,,r^r^e-r a 

Advantageously, operation is effected under 
protective gas, for example CO., nitrogen or argon. 

An advantageous procedure is to dissolve the monomers 
25 in the solvent in a suitable polymerizatron vessel 
:^uipped with a stirrer, optionally together w.th 
^^lator and initiator and to initially degas, for 
example by means of C0= snow, and then to heat. 

generally rises further, ^ ^^^J" 
3. optionally, conditrons suitable J;^^^^^^ 
polymerization may be obtainea oy 

Ld^, adding further initiator. The overall 
polymerization time is generally below 12 hours. 



.dvantagaous embodiment, the (co)polyiners 
in an advantageous ^„„„rise a proportion by . 

invention comprise a f-^v^f 
ac<:ording to the in ^^.^^^ 

weight of monomer A m 

copolymer of 0.1-70%, preferably 0.5 50% 
preferably 5-3 0%. 

of the monomers styrene, 

n,«ha<=rylat. or 2-.thyXhexyl methacry late . 

length greater than or equal to Cie • 

. or,^ or more of the copolymers previously 
in addition to one or more u the* 
r •v^.d the polymer mixture according to the 
described, the P ^ further homo- 

invention may also ^^^^^^'l^lll^^^, .ethacrylat.s and" 
or copolymers which f /^^^ J c.-C. or of 

have alkyl substituents of chain g 
chain length Cu-C-a- The compounds already 
may be used for this purpose. 

• ^ ^H<= ratio of the copolymers 

and the turcnet more 
1,20 to 20:1, preferably 1:10 to 10.1 

preferably 1 : 5 to 5 : 1 . 

an advantageous en^diment, any further ho.o- or 
. , the polymer mixture is a 

copolymer contained in the P 
3 polyalkyl methacrylate which contains up 
weight of Ci-Cio-methacrylates. 

• of the copolymers or polymers used 
The molecular weight of the cop yi io0,000 

in nno and 3,000,000 g/mol, between 
is between 10,000 and 800,000 ^/mol 

5 and 1,500,000 g/mol, between 150,000 and 
or between 200,000 and 500,000 g/mol. 

the molecular weight may be 
rrrrrtr^anfo. ;! P.r..at.on o.ro^tograp.y 
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(cf. Kirk-Othnrer, Encyclopedia of Chemical Technology. 
3rd Ed., Vol. 18, pg. 209, 749, J. -Wiley 1982). 

The polymer components may be prepared in a manner 
known per se in a batch process by introducing all of 
the monomers used into the initial charge, or in a feed 
process. The preparation may also be effected in a feed 
process by synthesizing at least one of the polymers of 
the polymer mixture using an increased concentration of 
at least one of the monomers used in the initial 
monomer charge in comparison to the other monomer types 
used with the aim of preparing a polymer mixture in 
which different polymers are present with regard to the 
monomer composition. 

The copolymers or polymer mixtures according to the 
present invention serve to prepare dewaxing additives, 
optionally with the addition of further customary 
additives for dewaxing additives. 

In particular, the dewaxing additives may be a solution 
of the copolymers or of the polymer mixture in an oil 
of the paraffinic or naphthenic type or else in an 
organic solvent . 

In this case, the organic solvent in a preferred 
embodiment is toluene, xylene and/or naphtha. 

With regard to the wax-containing substrates based on 
crude oil and suitable for deparaf f inization, no 
definite limits to the process can be recognized, 
although, from a practical standpoint, useful 
substrates are in particular wax-containing distillate 
oils, in particular those having a boiling range of 
approx. 300 to approx. 600°C, a density of approx. 
0.08-0.09 g/cc at 15°C, a viscosity of approx. 10-20 
cSt/100°C, a pour point of approx. SO-BO^C and a wax 
content Odry) of from approx. 10 to approx. 25% by 
weight . 



Parti<:ular importance attaches to distillate oils of 
those fractions which include lubri<:ants and speciality . 
oils in the 300-600OC boiling range. in particular 
those having an average boiling point of approx. 400- 
450°C. 

The solvents used for solvent deparaf f inization 
according to the invention likewise correspond to those 
used customarily. These are, for example: 
aliphatic hydrocarbons having a boiling point < 1500C 
at atmospheric pressure. and among these the self- 
<:ooling gases such as propane, propylene, butane, 
pentane and also isooctane, aromatic hydrocarbons, for 
example toluene and xylene, ketones, for exan^le 
acetone, dimethyl ketone, methyl ethyl ketone, methyl- 
propyl ketone, methyl isobutyl ketone, optionally also 
halogenated hydrocarbons such as methylene chloride or 
dichloroethane, or N-alkylpyrrolidones such as 
N-methylpyrrolidone or N-ethylpyrrolidone . 

Mixtures of solvents are also advantageous, for example 
of ketones and aromatic hydrocarbons such as methyl 
ethyl ketone/ toluene or methyl isobutyl ketone/ toluene . 

The solvent S in the process according to the invention 
is added in the customary amounts, for example 0.5-10 
parts by volume, preferably 2-7 parts by volume, based 
•on the substrate to be deparaf finized. 

When a dewaxing additive is used for solvent 
deparaffinization of paraffinic mineral oil distil- 
lates, the addition rate of the copolymer or of the 
polymer mixture in the dewaxing process is 0.005-0.5% 
ppm, in particular 0.01-0.3% ppm or 0.05-0.15% ppm. 

unexpectedly, it has been found that copolymers of 
alkyl acrylates. in particular behenyl aery late (= 
C,3,.), and styrene are more effective dewaxing aids 
than corresponding styrene-free polymers in different 
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feedstocks and using different solvent systems. The 
latter systems are the state of the art . This is true 
tooth for the comparison between individual components, 
i.e. poly-behenyl acrylate-co-styrene with polybehenyl 
5 acrylate, and for the comparison between styrenic and 
styrene-free mixed components. A polybehenyl -co- 
styrene/polymethacrylate mixed system is thus more 
effective than a polybehenyl /polymethacrylate mixture. 
Improvements in comparison with the existing mixed 
1€ components are revealed in comparisons with mixed 
systems comprising linear polyalkyl methacrylates as 
described in US Patent 4 451 3 53 but also in the 
comparison with mixed systems comprising branched 
polyalkyl methacrylates . 

15 

It has likewise been found that the incorporation of 
other monomers in addition to styrene into copolymers 
with behenyl acrylate also leads to novel dewaxing 
additives which, just as unexpectedly as the styrene 
20 systems, lead to improved dewaxing results in 
comparison to the prior art. For example, copolymers 
composed of behenyl acrylate and either n~butyl 
methacrylate, isononyl methacrylate or benzyl 
methacrylate were better in every respect than 

2 5 polybehenyl acrylate polymers. 

The statements made are manifested in the exan^les 
described hereinbelow, in particular with the aid of 
the filtration rates measured. 

30 

Example 9 shows that a mixture of the styrene /behenyl 
acrylate -copolymer PI with the polymethacrylate P7 (P7 
as a Ci2-Ci8-polymethacrylate having linear side chains) 
in a 600N feedstock of a European refinery facilitated 

3 5 shorter filtration times in comparison with the mixture 

of the styrene-free analogue CI with polymer P7 . 
Equally, a mixture -of PI and P8 (P8 is a Ci2-Cie 
polymethacrylate having more significantly branched 
side chains than P7 ) in this f eedstock was distinctly 
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better than the mixture of the styrene-free CI with P8 
corresponding to the prior art. A further example whioh . 
demonstrates the improved effectiveness of a styrenic 
additive is provided by a mixture of PI and the Cie-Cis 
5 polymethacrylate P6 in comparison to the comparative 
sample consisting of a mixture of CI and P*6, likewise 
in European 600N feedstock. Equally, it can be clearly 
recognized in Example 11 that the individual component 
PI also provided shorter filtration times in comparison 
10 to the corr^arative sample CI . 

The finding obtained on styrenic systems was 
additionally substantiated with the aid of 
investigations in two alternative feedstocks (see 

15 Examples 10 and 11) - Dewaxing studies carried out in 
n-heptane in a 500N feedstock of a Thai refinery 
(Example 10) demonstrate that filtration times 
resulting from 3:8 mixtures of PI with P6 or 3:8 
mixtures of PI with P7 were in both cases shorter in 

20 comparison to a mixture consisting of CI and P6 . 
Example 11 repeats a dewaxing study carried out with a 
300N feedstock of a refinery in South America. This 
example demonstrates that the principle illustrated 
here can be extended not only to additional feedstocks, 

25 but also to alternative solvent systems. Filtration 
experiments in methyl ethyl ketone/ toluene show that a 
P1/P6 mixture leads to improved filtration times in 
comparison to a mixture of CI and C€ . 

3 0 Example 12 carried out in n-heptane in the same €0ON 
feedstock which was used in Example 9 shows that not 
only copolymers of styrene and behenyl acrylate, but 
also copolymers of other monomer types and behenyl 
acrylate are more effective than polybehenyl acrylates . 

3 5 Although it could be seen that the styrenic additive Pi 
led to the best results, the n-butyl methacrylate/ 
behenyl acrylate copolymer was hardly any worse. 
Dewaxing studies using the benzyl methacrylate/behenyl 
acrylate copolymer P2 and also with the isononyl 
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were 



0 



methacrylate/toehenyl acrylate <:opolymer P5 
likewise distinctly more successful in comparison to 
results obtained with the behenyl acrylate polymer CI. 

When preparing lubricants, the wash distillates from 
vacuum distillation of crude oil are initially freed of 
aromatics and heterocycles by solvent extraction. This 
improves the aging stability and the viscosity index. 
The raffinates still contain large amounts of paraffin 
wax and have correspondingly high pour points. 
Therefore, the majority of the paraffin is removed by 
solvent deparaffinization. To this end, the raffinate 
is admixed with a suitable solvent, for example methyl 
ethyl ketone-toluene and dichloroethane-dichloromethane 
mixtures or else propane. Then the mixture is cooled to 
temperatures of below -2 0oc and the paraffin wax which 
has crystallized out is removed by a drum filter. 
Paraffin crystal platelets, as are formed without the 
addition of additives, block the filters and 
incorporate large amounts of oil (slack wax) . As a 
consequence, the filtration rate in deparaffinization 
is often low and the oil yield is not optimum, 
variation of the process parameters such as cooling 
rate, composition of the solvent mixture, filtration 
temperature and clegree of dilution may be used to 
counteract these effects. However, process optimization 
can also be achieved by using polymeric ^ewaxing aids. 
Such dewaxing aids influence the size and shape of the 
paraffin crystals, so that, compact structures are 
formed which form a filtercake which is porous and 
permeable to the solvent-oil mixture. Filtration rate 
and oil yi-eld can be increased considerably in this 
way . 

The literature discloses that in particular compact 
agglomerates of many small paraffin crystals which -grow 
epitaxially, for example on vesicles of polyalkyl 
^crylates, form filtercakes of ideal texture and high 

porosity. 
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Polyalkyl methacrylates and polyalkyl a-crylates which 
contain no other types of methacrylate or acrylate . 
monomer are described in detail as dewaxing aids both 
in patents and in other literature. Both individual 
components and mixtures of different poly (meth) acrylate 
systems are illustrated as effective dewaxing aids. 

implementation of a lalaora tory filtration test — for 
determining the filtration rates 

In order to be able to carry out a selection of 
suitable polymers in the laboratory, a laboratory 
filtration apparatus has been developed which allows 
the measurement of oil yield and filtration rate. The 
filtration rate especially proved to be an in^ortant^ 
criterion for selecting suitable dewaxing aids. 
The filtration apparatus consists of a steel filter^ 
having a lid and cooling jacket and is cooled with the 
aid of a cryostat in circulation. The filter cloth used 
is from the deparaf f inization plant of the refinery. 
The filter volume is 100 ml. The filter is connect-ed 
via a glass attachment having a two-way tap to a 
measuring cylinder. A defined vacuum may be applied to 
the filtration apparatus by means of a rotary vane oil 
pump, a pressure-reducing valve and a manometer. The 
mineral oil distillate to be deparaf fini zed is admixed 
while hot, typically at 7 0°C, but in ^v^ry case above 
the cloud point, with the deparaf fini zing solvents and 
also the dewaxing aids and stirred until a clear 
solution results. The temperature control is then used 
to cool at a defined rate to the desired filtration 
temperature. The filter is precooled to this 
temperature . 

All filtration conditions such as solvent : feedstock 
ratio, ratio of the solvents in the case of the use of 
solvent mixtures, cooling rates and filtration 
temperatures correspond to those conditions used in the 
particular refinery. 
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Aft^r t-he filtration t^n^rature is obtai^ed^^he 
the preoool^ filter and the 

mixture xs transferred typically effected at a 

vacuum is applied. Operation xs typxcax y 

j= -Pi^/^in "^no to 700 ituDar . me 
^ubatmospheric pressure of from 300 to 

5 filtration volume is then determined as a f^-^xon of 
time The filtration is over when no more lx<^xd pa..es 
through the filter cloth. 

rr^^orr^T™:::..:, ^.z. ^o^v^n. .... 

^ m^riia of the dewaxing aids wxthout 
find use as support media of tne o ^etect^d 
any differences in effectiveness being detect. 

thereby . 
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Examples 



Th. b.h.„yl acryl.t. used was ob.aln.a 

radical is C,s(4 n^ethacrylate monomer 

/iQ na^ The source or tne ouiit^j- 

is specified in the preparation methods which 
types IS specif! reported according to 

follow. The viscosities are repv. 

25 Tlsp/c {CHCI3, 20°C). 
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Example 1 




T„ - thre.-n.ck.d £la=k equipped with a sabre stirrer 

:/a r:.lu. — .r, 30e . o. --1^;--" ^ , 

T -F-Kz-Mn <^idobre Smova; , ^ 

45% behenyl acrylate from Sido 

AO a of 100 N oil and u.^J^ ^ 
ra::::™tl ar. -itia^.V c.ar^--er a „itro.en 
p..tectiv. ,as atmosphere and ^^^f 
t-butyl perpivalat. and 0..8 g of J 
,r. subsequently added, in order to mitiat. 
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o y.r.^^■r^ after r^aciiing the peak 
polymerization. 2 hours ^tter 

n CO of t-butyl perbenzoate are aciaea . 
temperature, 0.68 g -of ^ ^^.'^^ J" 10-12 
and polymerization is continued at 130 C 

hours . 

' M. «5PC, PMMA calibration) = 490,000 g/mol 

/ /r-wpl. 20°C) = 50.7 ml/g 
,l3p/c (CHC13. 20 C, ^^^^ ^^^^ 

Thickening action (4.b* m «i x 
10 Example 2 

Anenzvl in«=^thacrvlate P2 

T„ a thr.e-ne=k*d flask equipped with a sabre stirrer^ 
ana a «flu. condenser, 30. . o. behenyl ac^la.e e..^ 

^nzyl .ethacrylate .manufacturer: "^^^ 

mo N oil an<a o.bi g 03. 

Darmstadt), 60 g of J o. 64 g of t-butyl 
aodecyl..rcaptan are heated to 8^ C- 

perpivalate initiate the 

subsequently ^^^^^ the peak 
polymerrzat.on. 2 ,,,^n.„ate are added 

te,^erature, 0 68 g of J ^^^.^ ,0.12 
and polymerization is continue 

hours . 

M« (GPC, PMMA calibration) = €45,000 g/mol 

/r-ur-T 90^0 = 48.9 ml/g 
n„/c in a 150 N oil). 

Thickening action i^.^^ 

12.84 Ttun^/s 
Example 4 

^.on Of a ^^T- l:n.^r Of beh^nyl acrylate_and 

35 Preparation ot s — - 

r.-butvl me thacrvlate P4 

xr - three-necked flask equipped with .a sabre stirrer 
in c tnree n 0,0 c „ of behenyl acrylate 

and a reflux condenser, 2^..^ g ot 
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25 



30 



45% behenyl acrylate from Sidobre Sinova) , 25.5 g 
of n-butyl methacrylate „nanu£acturer= B6hm) , 45 g o£ 
lOO « oil and 0.255 g of dodecyi™ercapta„ ^° 
SO-C 0 48 g of t-butyl perpivalate and 0.29 g of 
t-butyl perbenzoate are subse<^ently added, in order to 
inftiLe the polymerization. 2 hours aft« reaching the 

temperature. 0.60 g of t-butyl perbenzoate are 
aided and polymerization is continued at ISO-C for 10- 
12 hours. 

(GPC. PMMA calibration) = 474,000 g/mol 
•n /c (CHCI3, 20°C) = 52.1 ml/g 
Thickening action ^^t.o^ i-'y 
13.09 mm^/s 

Example 5 

of a coTDolymer of behen vl acrylate and 
Preparation o r a copoj-yiucj- 

isononyl methacrylate P5 

in a three-necked flask equipped with a sabre stirrer 

ooQ c; rr of be>"enyl acrylate 
and a reflux condenser, 229.5 g of Be... y 

,e g 45% behenyl acrylate from Sidobre Srnova) , 25.5 g 
of isononyl methacrylate .e.g. the methacrylate of 
isononyl alcohol from Oxeno Olefinchemie Gn4>H, Marl 
prepared by means of transesterif ication starting from 
Tethyl methacrylate,, 45 g of 100 N oil and " ^ 
Idecylmercaptan are heated to 80=C. 0.48 g °^ 
perpivalate and 0.29 g of t-butyl parbenzoate are 
, Lbse^ently added, in order " 

polymerization. 2 hours after reaching the pea^ 
Uerature, 0.60 g of t-butyl perbenzoate e dded 

and polymerization is continued at 130 c 

hours . 

^ M„ (GPC, PMMA calibration) = 503,000 g/mol 

nip/c (CHCI3, 20°C) = 48.1 ml/g . .50 N oil) • 

Thickening action (4.5% by weight xn . 150 N oxl) . 



1 . 1 2 I s 
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Example 6 

1-hree-necked flask equipped with a sabre stirrer 
in a three neckea 

^ « reflux condenser, 5.0 g or x-u 
and a rexxujt „^^^oaGn protective gas 

atmosphere and ^^"^ „ethacrylate of 

C...-al.Vl ';^^^^^ZT^J:T.s^,. prepared ™ean. 
, TA1618E alcohol from Procter ^^^^1 

"::::rT"n oT loo-nx o.s. . of .-.u.yi 

:~ri— e^ana 0.1. . of —-er^ap.^ a« 
™o^^r«d in within 60 minutes. After u.3 
subse^ently -tere. xn^^ t-.utyl per-2-.thyXhex,„oate 

' '^"""e.aea anr polymerization is continued for 10-12 

IS added ana ^ ™^^i,«rion the mixture 

hours. After the end of the polymer xzatxon, th 

is diluted with 264.0 g of 100 N oil- 

MSik bv weight in a 150 N oil): 12.83 
20 Thickening action (15% by weign 

mm*^/s 
Example 7 

. « nolv(Ci2 in- alkvl me thacrvlate) P7 

25 Preoarati ^ri of a polyl^i2-i8 X ■ 

T^«^-0 ka of Ci6-i8-al^yl 

- a --«-;nh:"::LcXr' of .he aicoh^ 

methacrylate (e.g. t 

TM618E from methacrylate, , 

30 ' methacrylate ,e.^. the 

31,0 kg of Cn_» alHy ^^.^^ ^^^^ ^^^^.^ 

methacrylate of '"^'^J^^^^^.^.j^^ation starting from 
prepared by means o transest 

methyl methacrylate) , 1125 "^f °^ ^^,,^a and 

1 9 ka of dodecylmercaptan »re mitral y 
35 l.s Kg " . J 17.CIOC A solution of 4 kg ol 

the mixture is heated to 1^0 C. ^.^ 
t-butyl per-2-ethylhexanoate in ^00 kg =£ 

^ -^^^oH to the monomer mixture 
prepared and «dded to t initiator 
successive metering steps. In the tir 
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in ..e second a. a .eter.n. ra.. o 

ethylhexanoa.e are d.ssol ^^^^^^^ ^^^^^ ^ 

solution .^.^i. 4S .mu.es. 

.eterxng ^^^^^ ,,,,inue for approx. 1 

Polymerization is allowea 

hour . 
Example 8 

^. „ ooiv(Ci2 ^° -alkvl me ttiacrvlate) P8 

Preparation ot poivv<-i2-i8 i 

T , three-necked flask equipped with a sabre stirrer 
rnd retux condenser, 17.8 . o. C..«-alkyl -^^-^^-^ 
Te / based cn a 78=22 fixture ot the .ethacryl^es of 
he alcohol «eodol 25E from shell Chemicals and the 

rcoh^i ..1618. fro. --;;:^^r:-jrfrrth:^ 

means of „j ^ „ii are initially 

:„ethacrylate) and also °^ atmosphere and 

rrrrrs^; of tir; pel-2-eth.lhe.anoate 

re e^en added, in order to initiate the 

are ti„e, metering m of a 

polymer.zat.on « th ,,,^acrylate and 1.6 g 

^ "f" butvl p r-2!ethvi™ate is co^^nced and this 

of t-butyi pel ^ jt ^^^^.^v- « further 2 hours, 

J f^-,- S hours . After a rurtn^x 
is continued for 3 5 hou ^ ^8 g of 

further polymerization is ^,,,3. 
^ v.n^^/l Der-2-ethylhexanoate at 85 C ror 
0 Tfter' tr end of the polymerization, the mixture is 
diluted with 800 g of 100 N oil. 

Mn& in a 150 N oil): 16.31 mmVs 
Thickening action (10% m a i=.u 
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F.xample 9 

• „,! from a rirrnrn^^- ^^^^^ 
_-— -^^^^ 



^..^1 stvrer^c copolyxngrs 



10 



Solvent system: n-heptane 

procedure: 1) mxxxng /^^ ^' 
250c, 3) 60 min in a bath at -30 C 
Filtration temperature: -30«C 



a bath at 





5.5 


15 


10.5 


26 


6.5 


16 


11 


27.5 


7 


16.5 


11 


28 


8 


18 


12 


30.5 


8.5 


19.5 


12.5 


33 


9.5 


21 


13 


36 


10 


22 


14 


37 .5 




14 
15 
17 
18 

19 
20 
22 
23.5 
25 
27 
28 
30 
34 
47 



P8 
(1230 
ppin) 
+ 

PI 
(200 
ppm) 
0 
5 
9 

10 
12 
13.5 
14.5 
15.5 
16.5 
17.5 
18 
20 
21 

22 .5 

23 .5 
25 
27 
30 
41 



2 
3 
4 
5 
6 
7 
8 
9 
9.5 
10 
10 
11 
11 
12 
12.5 
13 . 
15 
20 
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Example 10 

1 -F^r^m a rlrprtrr^-P^-^^^ ^-^^^Q^ study 
Filtration_volume^ 

Solvent system: n-heptane 

P..astocK. solvent ratio = 1 = 2 ^ ^^^^ 

Procedure: 1) mixing at 70 C, 
250c, 3) 90 min in a bath at -S^oc 
Filtration temperature: -30^C 



Filtration 

time 
[s] 



20 



0 
100 
200 
300 
420 
480 
6 00 
720 
840 
900 



No 
additive 



P6 

(800 ppm) 
+ 

PI 

(300 ppm) 



P7 

(137 0 ppm) 
+ 

PI 

(200 ppm) 



0 


0 


u 


8.5 


18 


19 


11 


24.5 


27 


12.5 


30 


32 


14 


35 


38 


15 


38 


40 


16.5 


42 


45 


17 .5 


46 


49 


18.5 


50 


53 


19.5 


52.5 


55 



P6 

(800 ppm) 
+ 

CI 

(300 ppm) 
0 
16 
22 
26.5 
31 
33 
37 
40 
42.5 
44 



Kxample 11 



.,^,r.r. . 300N <--^^^^tock from a refxne r^ ^ 



Solvent 
toluene 



system: 



etbvl ketone /4 5% of 
55% of metnyi ecnyj- 



tOJ-Ueiit: 

Peedst-ocK: solvent ratio = 1:3 ^ ^^^^ 

procedure: 1) mixxng at 70 C, ^) 
250C, 3) €0 min in a bath at -1«°C 
Filtration temperature: -1&°C 
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Filtration 


No 


P6 


(8 00 ppm) 


P6 (800 


ppm) 


time 


atiditive 




+ 


+ 




[s] 




PI 


(150 ppm) 


CI (400 


ppm) 


n 


0 




0 


0 




50 


17 




38 


3r 




100 


24 




55 


45 




150 


29 




68 


56 




Example 12 












Filtration volumes in ml 


from a 


deparaf f ini za t ion 


study 


using a GOON 


feedstock 


from a 


European 


refinery 


with 



novel copolymers 

Solvent system: n-heptane 
Feedstock: solvent ratio = 1:2 
10 Procedure: 1) mixing at lO^C, 2) 30 min in a bath at 
25°C, 3) 60 min in a bath at -30°C 
Filtration temperature: -3 0°C 



Filtration 


No 


CI 


PI 


P2 


P4 


P5 


time [s] 


additive 


(300 


(300 


(300 


(300 


(300 






ppm) 


ppm) 


ppm) 


ppm) 


ppm) 


0 


0 


0 


0 


0 


0 


0 


10 


1 


1 


3 


1 


3 .5 


2 


20 


2 


1 


4.5 


2 


4 .5 


3.5 


30 


2 


1.5 


5.5 


2 . 5 


5.5 


5 


40 


3 


2 


6.5 


3.5 


^ .5 


6 


50 


3.5 


2.5 


8 


4.5 


7.5 


7 


60 


4 


3 


9 


6 


^.5 


8 


70 


5 


3.5 


9 


7 


9.5 


8.5 


80 


5.5 


4 


10 


8 


10 


9 


90 


6.5 


4.5 


10.5 


8.5 


10 


9.5 


100 


7 


5 


11 


8.5 


10 


9.5 


120 


8 


5.5 


12 


9.5 


11 


10 


140 


8.5 


6 


13 


10 


11.5 


10 


160 


9.5 


6.5 


14 


10 


12 


11 


180 


10 


7 


14.5 


10.5 


13 


11 . 5 


200 


10 


7.5 


15 


11 


14 


12 
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rr.iK parati-« ^^ example 

Pre2aration_of_a^ol^^ 

vo^ flask equipped with a sabre stirrer 
Xn a -^--"^^'^tj;;;\srg of behenyl acrylate (e.g. 
^-"'l^^'^ZCtZ:! JrZ.. fro. Siaobre Sinova) . 
r oriOO N oil ana 0.13 . of aodecyl^ercaptan are 
45 g of 100 w o „itroaen protective gas 

initially ^^--^^ ""f^/e^^r 0.41. o£ t-butyl 
^"\Trs/of tlutyl pe..e„.o.« a.e 
perpivalace and 0.25 g initiate the 

.„b.e^entlv ^<^;^' " „.chin. the pea. 

pol^erizat.on. 2 ^ ^..^nzcate .« a^ded, 

temperature, 0.51 g or ^„„tinued at 130»C for 

after whi^h polymerization continued 

10-12 hours. 

Ti3p/c (CHC13. 20OC) = 42 ml/g 

• /A bv weight m a j-dv^ ^ 

Thickening action (4.5% t>y w 

12 . 19 mm^/s 



